Abstract. The renin-angiotensin-aldosterone system (RAAS) plays a key role in atrial structural and electrical remodeling. The aim of this study was to investigate the potential associations of angiotensin-converting enzyme (ACE) gene insertion/ deletion (I/D) and aldosterone synthase (CYP11B2) gene -344T/C polymorphisms with the risk and recurrence of lone atrial fibrillation (AF). One hundred and ninety-three patients who underwent successful catheter ablation for lone AF were recruited. Two hundred and ninety-seven sinus rhythm subjects without a history of arrhythmia served as controls. The subjects were genotyped for ACE gene I/D and CYP11B2 gene -344T/C polymorphisms. Results showed that the ACE gene DD genotype and D allele were associated with a greater prevalence of lone AF (both P<0.01). In addition, the ACE gene DD genotype had a significantly larger left atrial dimension (LAD; 41.6±5.7 mm vs. 39.6±5.2 mm; P=0.043) and higher risk of AF recurrence [44.7% vs. 23.2%; odds ratio (OR), 2.68; 95% confidence interval (CI), 1.28-5.61; P= 0.008] compared with the II+ID genotype in lone AF patients. After adjustment for a variety of risk factors, the ACE gene DD genotype had a 1.97-fold increased risk for lone AF (OR, 1.97; 95% CI, 1.15-3.37; P= 0.013) and 2.35-fold increased risk for AF recurrence (RR, 2.35; 95% CI, 1.10-5.04; P=0.028) compared with the ACE gene II+ID genotype. However, no correlation between the CYP11B2 gene -344T/C polymorphism and lone AF or its recurrence was observed in this cohort. In conclusion, the ACE gene DD genotype was associated with an increased incidence of lone AF and its recurrence following ablation, which was partly mediated by LAD.
Introduction
Atrial fibrillation (AF) is one of the most common sustained cardiac arrhythmias in clinical practice, with a substantial morbidity and mortality rate (1) . A growing body of evidence indicates that genetic factors are significant in the pathogenesis of lone AF and familial AF (2-4), with our previous studies indicating a genetic predisposition in familial AF (2, 5) . However, the mechanism underlying this disorder remains unclear.
The renin-angiotensin-aldosterone system (RAAS) blockers, not only reduce the risk of lone AF in normotensive and hypertensive patients, but also prevent AF recurrence (6) (7) (8) . RAAS has been shown in several studies to promote inflammation, oxidation and fibrosis (9, 10) . In addition, experimental studies have shown that RAAS blockers prevent atrial structural and electrical remodeling (11, 12) , indicating a potential pathogenesis of lone AF. Previously, a 287-bp insertion/deletion (I/D) polymorphism of the angiotensin-converting enzyme (ACE) gene in intron 16 was identified. Both ACE plasma and tissue levels differ between patients with different ACE genotypes. The ACE gene DD genotype is linked to higher cellular ACE activity, leading to myocardial fibrosis (13, 14) . Mounting evidence suggests that ACE genetic predisposition may confer an increased risk of lone AF (3, 15) .
Aldosterone synthase (CYP11B2), a mitochondrial P450 oxidase mainly located in the zona glomerulosa of the adrenal cortex, is a key enzyme in aldosterone synthesis. One common polymorphism of the CYP11B2 gene (-344T/C) is located in the promoter region and appears to be functionally significant. The -344C allele has been shown to be associated with increased binding to steroidogenic transcription factor 1 (16) and has been linked to increased aldosterone synthase activity (17) . Goette et al (18) demonstrated that aldosterone levels are elevated in patients with persistent AF, whereas restoration of sinus (19) reported that the CYP11B2 gene -344CC genotype was an independent predictor of AF in patients with heart failure. Findings of recent study showed that polymorphisms on chromosome 4q25 modulate the risk for AF recurrence following catheter ablation (20) . However, little is known about the potential genetic predisposition of the ACE gene I/D and CYP11B2 gene -344T/C polymorphisms with lone AF and its recurrence following catheter ablation. On the basis of this information and potentially the treatment of AF, we aimed to investigate the associations of the two polymorphisms with the risk of lone AF and its recurrence following catheter ablation in a Chinese Han population.
Materials and methods
Subjects. Between May 2007 and November 2009, 193 patients <65 years old, who underwent successful catheter ablation for symptomatic and lone drug-refractory AF, were recruited. Electrophysiological study and circumferential pulmonary vein ablation technique were described in detail in one of our previous studies (21) . The lone AF (lone AF group, n=193) was diagnosed in patients who had AF on at least two occasions (>6 months apart) on a standard 12-lead electrocardiographic (ECG) recording and they all lacked known risk factors, including hypertension and structural heart disease. Patients were diagnosed with paroxysmal AF in 54%, persistent AF in 28% and longstanding persistent AF in 18% of cases. To evaluate the presence of structural heart disease, a detailed clinical history, physical examination, ECG, chest radiography, standard transthoracic echocardiography and transesophageal echocardiography were performed before the procedure to exclude left atrial thrombi, as we previously reported (22) .
The control group consisted of 297 sinus rhythm subjects (control group, n=297) without history of arrhythmia, who underwent detailed physical screening examinations. Subjects with hypertension, diabetes mellitus, coronary artery disease, cardiomyopathy, valvular heart disease, left ventricular dysfunction [left ventricular ejection fraction (LVEF) <50%], thyroid diseases, renal failure requiring dialysis and serious life-threatening illnesses or inflammation in the last 6 months were excluded from the study. None of the recruited subjects were given class I or III antiarrhythmic drugs prior to enrollment. The two groups had no history of familial arrhythmias. The study protocol was reviewed andapproved be the Shanghai Chest Hospital Ethics Committee and written informed consent was obtained from all participants prior to recruitment.
Blood samples were collected after overnight fasting and stored at -80˚C. Serum levels of fasting glucose, total cholesterol, triglycerides, blood urea nitrogen, creatinine and uric acid were measured (Hitachi 912 analyser; Roche Diagnostics, Mannheim, Germany).
Transthoracic echocardiography examinations were performed in all subjects with a 2.5-MHz transducer attached to a Doppler echocardiography machine. Left ventricular end-systolic diameter (LVESD), left ventricular end-diastolic diameter (LVEDD) and left atrial dimension (LAD), as well as septal wall thickness (SWT) and posterior wall thickness (PWT) at end-diastole were measured in the parasternal long axis view, using two-dimensional guided M-mode echocardiography according to the recommendations for chamber quantification (23) . The LVEF was determined from the parasternal long axis view using the Teichholz method (23) .
Genotyping. Genomic DNA was extracted from the peripheral blood leukocytes of all subjects using standard protocols with the Wizard ® genomic DNA purification kit (Promega, Madison, WI, USA). Subjects were genotyped for the ACE gene I/D polymorphism using polymerase chain reaction (PCR). The primer sequences used were: forward 5'-CTGGAGACCACTCCCATCCTTTCT-3' and reverse 5'-GATGTGGCCATCACATTCGTCAGAT-3'. The PCR products were resolved by electrophoresis in a 1.5% agarose gel. CYP11B2 gene -344T/C polymorphisms (rs1799998) were genotyped by PCR amplification and restriction fragment length polymorphism analysis. Primer sequences (19) used were: forward 5'-CAGGAGGAGACCCCATGTGA-3' and reverse 5'-CCTCCACCCTGTTCAGCCC-3', followed by digestion with HaeIII (New England BioLabs, Inc., Ipswich, MA, USA). The digestion products were resolved by electrophoresis in a 2% agarose gel. For all polymorphisms, the genotype was confirmed by two independent technicians and any discrepancies were confirmed by repeat genotyping.
Follow-up.
As we have previously reported (22) , the patients were prospectively followed-up for >3 months (blanking period) and routinely received low molecular weight heparin injections for 3-5 days and warfarin anticoagulation for at least 1 month, as well as proton pump inhibitors for 4 weeks. Subsequent to pulmonary vein isolation, the patients were administered class III antiarrhythmic drugs with amiodarone 200-400 mg/day or sotalol 80-160 mg/day for 1-3 months. The severity of symptoms was evaluated monthly by telephone and patients were asked to record their ECG when they had any symptoms indicating the onset of AF. A 48-h Holter recording was performed 3 months after the procedure to document any form of atrial arrhythmia. An AF recurrence was defined as a documented atrial arrhythmia episode lasting >30 sec at 3 months after ablation (20) .
Statistical analysis. Continuous variables were expressed as the mean ± SD and categorical variables were presented as frequencies. Normal distribution was evaluated with the Kolmogorov-Smirnov test. A logarithmic transformation was performed on the continuous variables of non-normal distribution prior to statistical calculations to achieve normal distribution. The comparisons between groups were performed using unpaired Student's t-tests, differences in continuous variables across genotype groups were tested using the analysis of variance (ANOVA). Genotype and allele frequencies were compared among study groups using the Chi-square test. The Hardy-Weinberg equilibrium for each polymorphism was also assessed using the Chi-square test.
For the genotypes present in significantly different frequencies, a multivariate logistic regression model was performed to estimate the odds ratio (OR) and the corresponding 95% confidence interval (CI), adjusting for the covariates. P≤0.05 was considered to indicate a statistically significant result. All analyses were performed with SPSS for Windows 13.0 (SPSS, Inc., Chicago, IL, USA). Table I lists the baseline clinical characteristics and biochemical measurements in the lone AF and control groups, respectively. Between the two groups age was matched (P=0.20) and there was no significant difference in terms of smoking status, systolic and diastolic blood pressure, fasting glucose, total cholesterol, triglycerides or blood urea nitrogen between the two groups. However, there were more males and alcohol drinkers in the lone AF group (P=0.026 and P=0.044, respectively) than in the control group. We also observed that the AF cases were more likely to have poorer renal function indicated by greater uric acid, creatinine and higher body mass index (BMI) compared with the controls, although the latter two variables did not reach statistical significance (creatinine and BMI, P=0.09 and P=0.06, respectively). As expected, lone AF patients had significantly larger LAD, LVEDD, and lower LVEF than the control subjects (all P<0.05). However, we identified no significant difference with regard to the LVESD, SWT or PWT in this cohort (Table I) .
Results

Patient characteristics and AF recurrence.
Based on the ECG/Holter documentation, of the 193 patients with successful pulmonary vein isolation, 53 patients developed AF recurrence (recurrence group) 3 months after the procedure, while 140 cases (non-recurrence group) retained sinus rhythm. We observed that the recurrence group patients were older, had a higher BMI, larger LAD and lower LVEF compared with those in the non-recurrence group Values are presented as the mean ± SD or n (%). AF, atrial fibrillation; LV, left ventricular. Table II . Genotype and allele frequencies of ACE gene I/D and CYP11B2 gene -344T/C polymorphisms. II  ID  DD  II+ID  D  TT  TC (all P<0.05; Table I ). No significant difference was found between the two groups with respect to other risk factors (Table I) .
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Association of the two polymorphisms with AF and its recurrence.
The distribution of all genotypes was in Hardy-Weinberg equilibrium. Genotype frequencies for the ACE gene I/D 1%, respectively. The minor C allele frequency of the CYP11B2 gene -344T/C polymorphism in the lone AF and control groups was 29.8 and 32.7%, respectively. By contrast, we did not find statistically significant differences in the genotype and allele distribution of -344T/C polymorphism between lone AF patients and controls (Table II) . We further examined the association between the ACE gene I/D polymorphism and baseline parameters, as well as AF recurrence. As a result, the ACE gene DD genotype had significantly larger LAD compared with the II+ID genotype (39.6±5.2 mm vs. 41.6±5.7 mm, P=0.043; Table III ). In addition, we observed that the ACE gene DD genotype had a higher risk of AF recurrence compared with the II+ID genotype (23.2% vs. 44.7%; RR, 2.68; 95% CI, 1.28-5.61; P=0.008; Table III and Fig. 1 ). However, with regard to the -344T/C polymorphism of CYP11B2 gene, no significant difference was observed between this polymorphism and the baseline parameters (Table IV) .
Regression analysis. In order to predict determinants of lone AF, we included relevant clinical characteristics in a multivariate logistic regression model. After adjustment for gender, age, smoking status, alcohol intake, BMI, systolic and diastolic blood pressure, creatinine, uric acid, LVEDD, LAD and LVEF, we observed that male gender, LAD and ACE gene DD genotype were the independent risk factors for lone AF, and that the ACE gene DD genotype had a 1.97-fold increased risk for lone AF compared with the ACE gene II+ID genotype (OR, 1.97; 95% CI, 1.15-3.37; P= 0.013; Table V) . To investigate AF recurrence, we performed a multivariate stepwise logistic regression model, including variables such as age, gender, BMI, LVEF and LAD, and observed that the ACE gene DD genotype had a 2.35-fold increased risk for AF recurrence (RR, 2.35; 95% CI, 1.10-5.04; P= 0.028) compared with the ACE gene II+ID genotype. Among the other variables, only LAD had a significant effect on the risk of AF recurrence.
Discussion
In the present study, we investigated the associations of the ACE gene I/D and CYP11B2 gene -344T/C polymorphisms with lone AF and its recurrence following catheter ablation. To the best of our knowledge, no similar study has been published that explores the associations between the two polymorphisms and AF recurrence after the procedure. Based on the analysis of 193 lone AF patients and 297 sinus rhythm subjects, we observed that the ACE gene DD genotype and D allele were associated with a greater prevalence of lone AF, which was consistent with previous studies (3, 24) . This association was independent of a variety of risk factors, which might be potential confounders.
It is known that AF is associated with a significant risk of recurrence following catheter ablation, even if serial antiarrhythmic drug treatment is administered (25, 26) . Previous studies have shown that RAAS blockers are effective in preventing AF recurrence in both normotensive (6) and hypertensive patients (27, 28) . Therefore, we prospectively followed-up the lone AF patients for more than 3 months. Additionally, the correlation between the two polymorphisms and lone AF recurrence was examined. In our cohort, the univariate analysis revealed that the ACE gene DD genotype had a 2.68-fold increased risk of AF recurrence compared with the II+ID genotype. This significance remained (RR, 2.35; 95% CI, 1.10-5.04; P= 0.028) after controlling for the covariates. In addition, LAD was another independent predictor of AF recurrence, which was consistent with previous reports (29, 30) . Therefore, we suggest that the ACE gene I/D polymorphism is potentially a susceptibility locus for the risk of lone AF and its recurrence in this Chinese cohort.
It is noteworthy that the ACE gene DD genotype had statistically increased LAD compared with the II+ID genotype, suggesting that the ACE gene D allele is likely responsible for LAD in lone AF patients. LAD was associated with a significantly increased risk for lone AF in this cohort. Consequently, the results of our study suggest that the association of the ACE gene I/D polymorphism with lone AF and its recurrence is likely to be mediated, at least in part, by the effects of the ACE gene I/D polymorphism on LAD. However, the exact molecular mechanism underlying this disorder remains unknown and available scientific evidence has not elucidated gene-gene and gene-environmental interactions. One potential explanation is that the ACE gene I/D polymorphism is a functional variant located in intron 16 of the ACE gene, both ACE plasma and tissue levels differ in subjects with different ACE genotypes, and ACE DD genotype is linked to higher cellular ACE activity leading to myocardial fibrosis (13, 14) . Angiotensin II, which is the main product and effector of ACE, has proinflammatory actions and leads to the production of reactive oxygen species and a series of inflammatory cytokines (31) . In addition, it activates fibroblasts leading to fibrosis and scar formation, which is crucial in the electrical and structural remodeling that occurs in the left atrium during AF (9) . We also cannot exclude the possibility of an unidentified susceptibility gene polymorphism in linkage disequilibrium with ACE gene affects the expression of it, and in turn, promotes the occurrence and recurrence of AF.
Previous studies had reported the inconsistent associations between CYP11B2 gene -344T/C polymorphism and AF. Amir et al (19) reported that the CYP11B2 gene -344CC genotype was an independent predictor of AF in patients with heart failure. However, a recent study by Huang et al (32) reported that no correlation between the CYP11B2 gene -344T/C polymorphism and AF was identified in a Chinese Han population with hypertensive heart disease. In our cohort, no association of CYP11B2 gene -344T/C polymorphism with lone AF or relapses was found, consistent with the study by Huang et al (32) . The reasons for these discrepancies are unclear but may have been caused by factors including allelic heterogeneity, ethnic discrepancy and criteria for recruitment, including gender, age and heart disease. Previous studies have shown significant differences in the allele frequency of the CYP11B2 gene -344T/C polymorphism between various ethnic or geographical origins (33) . It is noteworthy that our cases were all lone AF patients of Chinese descent who lacked structural heart disease, which was not in accordance with the study by Amir et al (19) .
Our study had certain limitations. First, the sample size of the AF recurrence group was relatively small and the observation period was relatively short. Second, we had no ACE plasma data in this study, however, ACE gene I/D polymorphism is a functional variant, and experimental studies have shown that the presence of the D allele is associated with higher levels of plasma ACE (14) . Third, even 'control' individuals may have AF, a fact that may have been compounded by the recruitment of controls from atypical symptoms or electrocardiogram.
In summary, the present study provides evidence that the ACE gene DD genotype affects susceptibility to lone AF and its recurrence subsequent to ablation among the Chinese Han population. This association was independent of established risk factors, but appears to be mediated, at least in part, by effects of the ACE gene DD genotype on LAD. This novel finding expands the understanding of molecular mechanisms underlying lone AF and this genetic factor, as well as potentially the treatment of ACE blockers on AF and its recurrence. However, long-term follow-up studies with larger sample sizes are required to assess the significance of RAAS-related gene polymorphisms.
